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INTRODUCTION 

The Exobiology Program, within the Office of Space Science and Applications of the National 
Aeronautics and Space Administration, is an integrated program whose goal is to investigate and 
understand those processes that may have been responsible for or related to the origin, evolution, 
and distribution of life in the universe. 

This report contains a listing of 1987 publications resulting from research supported by the 
Exobiology Program. Our intent in compiling this report is twofold: We want to provide the 
scientific community with an annual publication listing (as we have done since 1975) of current 
NASA-supported research in this field, and we hope to stimulate the exchange of information and 
ideas among scientists working in the different areas of the program. 

Research supported by the Exobiology Program is explored in the areas of Cosmic Evolution 
of Biogenic Compounds, Prebiotic Evolution, Early Evolution of Life, and 
Evolution of Advanced Life. Pre-mission and pre-project activities supporting these areas 
are supported in the areas of Solar System Exploration and Search for  Extraterrestrial 
Intelligence. 

EACH AREA IS DEFINED AS FOLLOWS: 

COSMIC EVOLUTION OF BIOGENIC COMPOUNDS focuses on the history of 
the biogenic elements (C,H,N,O,P,S) and their compounds in the galaxy and the early solar 
system. This includes: (1) tracing the physical and chemical pathways taken by the biogenic 
elements and their compounds from their origins in stars to their incorporation in the pre-planetary 
bodies; (2) determining the kinds of measurements that can be made on the biogenic elements and 
compounds in the galaxy and solar system and prebiotic evolution and origin of life; (3) determining 
the ways in which the physical and chemical properties of the biogenic elements and compounds 
may have influenced the course of events during the formation of the solar system and the 
component bodies. 

PREBIOTIC EVOLUTION involves research and analysis in two major areas: 
(1) the consequences of planetary evolution on the physical environment of the Earth and planets, 
and (2) the evolution of molecules and molecular systems under the constraints imposed by 
physical environment and the appearance, a posteriori, of living systems on Earth. It also assesses 
the importance of the physical-chemical processes associated with the dynamic development of 
planetary surfaces. 

determining the environment in which they evolved, and the way in which they influenced that 
environment. Investigations are executed through the use of the molecular record in living 
organisms and the geological record in rocks. These records are used to determine when and in 
what setting life first appear&, to determine the characteristics of the first successful living 
organisms; to understand the phylogeny and physiology of microorganisms that inhabit 
hydrothermal areas now thought to be analogs of primitive environments; to determine the original 
nature of biotic energy transduction, membrane function, and information processing through 
study of extant microbes; and to elucidate the physical, chemical, and biotic forces operating on 
microbial evolution. 

EARLY EVOLUTION OF LIFE focuses on the nature of the most primitive organisms, 



EVOLUTION OF ADVANCED LIFE examines the influence of astrophysical, stellar 
and solar system events on the evolution of advanced life on Earth. Research in this area also 
attempts to develop a program plan for a paleontological data base; to understand possible 
evolutionary pathways for advanced life; and to investigate ancient atmospheres. 

elemental and chemical composition, mainly with respect to gases and volatiles, of the atmospheres 
and surfaces of solar system bodies, including planets and their satellites, comets, asteroids, 
meteorites, and dust in space. Improved methods, instrumentation, and experiments will be 
developed for in situ chemical analyses of the volatile species associated with the bodies to be 
investigated. 

search for extraterrestrial intelligent life by detecting signals in the electromagnetic spectrum. 
Principal emphasis has been on technology development for the microwave observing project. 

SOLAR SYSTEM EXPLORATION focuses on providing specific information on the 

SEARCH FOR EXTRATERRESTRIAL INTELLIGENCE (SETI) involves the 

This bibliography is divided into the six areas noted above. Within each research area, references 
are listed alphabetically by author. Authors who are Principal Investigators are identified by an 
asterisk. In addition, current addresses for all Principal Investigators are given in the Appendix. 

We wish to thank all the participants in the Exobiology Program for their cooperation in 
responding to our request for a listing of their 1987 publications. We also wish to thank Janice 
Susan Wallace for her editorial and technical assistance and Rodney P. Johnson for his technical 
assistance. 

John D. Rummel 
Exobiology Program Manager 
April, 1989 
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Allen, M.; De1itsky;M.; Huntress, W.; Yung*, Y.; Ip, W.-H.; et al. 
Evidence for methane and ammonia in the coma of Comet P/Halley. 
Astronomy and Astrophysics 
187(1-2): 502-512.987. 

Allamandola*, L.J. 
Interstellar problems and matrix solutions. 
Journal of Molecular Structure 
157: 255-273, 1987. 

Allamandola*, L.J.; Sandford, S.A. 
Interstellar grain chemistry and organic molecules. 
In: Carbon in the Galaxy: Studies from Earth and Space (Tarter, J., Ed.). 
Proceedings of a meeting held at NASA Ames Research Center, November 1987,56 p. 
(GWU 8846) 

Allamandola*, L.J.; Tielens, A.G.G.M.; Barker, J.R. 
Infrared emission from interstellar PAHs. 
In: Physical Processes in Interstellar Cloudr (Morfill, G.E., Scholer, M., Eds.). 
Dordrecht, Holland: D. Reidel Publishing Co., p. 305-331, 1987. 
(GWU 8910) 

Bar-Nun, A.; Dror, J.; Kochavi, E.; Laufer, D. (Owen, T. = P.I.) 
Amorphous water ice and its ability to trap gases. 
Physical Reviews B 
35: 2427-2435,1987. 

Bar-Nun, A.; Prialnik, D.; Laufer, D.; Kochavi, E. (Owen, T. = P.I.) 
Trapping of gases by water ice and implications for icy bodies. 
Advances in Space Research 
7(5): 45-47,1987. (GWU 9792) 

Blake, D.; Freund, F.; Bunch*, T.; Krishnan, K.; Tielens, A.; Stampfer, M.; Chang*, S. 
Nature and origin of interstellar diamond from the Allende CV3 meteorite. 
In: Proceedings of the 50th Annual Meeting of the Meteoritical Sociezy, Newcastle 
Upon Tyne, UK, 1987, p. 14. (GWU 9074) 

Blake, D.F.; Bunch*, T.E.; Mardinly, A.J. 
AEM characterization of phases in a hydrated IDP (Abstract). 
Lunar and Planetary Science Conference 
XVIII: 83-84, 1987. (GWU 9071) 

Blake, D.F.; Bunch*, T.E.; Philpott, D.E.; Zieger, R. 
A simple device for the preparation of embedded materials science specimens for 
ultramicrotomy. 
Journal of Electron Microscopy Technique 
6: 305-306,1987. (GWU 9075) 

Blake, D.F.; Krishnan, K.M.; Echer, C.; Ackland, D.; Freund, F. (Bunch, T.E. = P.I.) 
Analytical electron microscopy of interstellar diamond (Abstract). 
Journal of Electron Microscopy Technique 
7: 138, 1987. (GWU9070) 
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Blake, D.F.; Mardinly, A.J.; Bunch*, T.E. 
Analytical electron microscopy of extraterrestrial materials: Results from microtome 
sections of carbonaceous chondrites and interplanetary dust particles. 
In: Microbeam Analysis - I987 (Geiss, R.H., Ed.). 
San Francisco, CA: San Francisco Press, p. 335-338, 1987. (GWU 9076) 

Blake, D.F.; Mardinly, A.J.; Echer, C.J.; Bunch*, T.E. 
Analytical electron microscopy of a hydrated interplanetary dust particle. 
Lunar and Planetary Science Conference 
XVIII: 615622.1987. (GWU 9077) 

Blake, D.F.; Reilly, T.W.; Brownlee, D.E.; Bunch*, T.E. 
Low voltage scanning electron microscopy of interplanetary dust particles. 
In: Proceedings of the 45th Annual Meeting of the Electron Microscopy Society of 
America (Bailey, G.W., Ed.). 
San Francisco, CA: San Francisco Press, p. 208-209, 1987. (GWU 9073) 

Bregman, J.D.; Wittebom, F.C.; Allamandola*, L.J.; Campins, H.; Wooden, D.H.; 
Rank, D.M.; Cohen, M.; Tielens, A.G.G.M. 
Airborne and groundbased spectrophotometry of Comet P/Halley from 5-13 
micrometers. 
Astronomy and Astrophysics 
187(1-2): 616-620, 1987. 

Cassen, P.M.; Pollack, J.B.; Bunch*, T.; Hubickyj, P.; Moins, P.; Yuan, C. 
Protostellar disks and the primative solar nebula. 
In: Reports of Planetary Geology and Geophysics Program, 1986. 
Washington, DC: NASA Headquarters, p. 97-99, 1987. (NASA-TM-898 10) 

Cronin*, J.R.; Pizzarello, S.; Frye, J.S. 
13C NMR spectroscopy of the insoluble carbon of carbonaceous chondrites. 
Geochimica et Cosmochimica Acta 
51: 299-303,1987. (GWU 9044) 

Cronin*, J.R.; Yuen*, G.U.; Pizzarello, S. 
Organic chemistry of carbonaceous meteorites (Abstract). 
In: Space Life Sciences Symposium: Three Decades of Life Science Research in Space, 
Washington, DC, June 21-26, 1987, p. 348-349. (GWU 9257) 

DeFrees*, D.J. 
Theoretical studies of interstellar isomers. 
In: Astrochemistry (Vardya, M.S., Tarafdar, S.P., Eds.). 
Dordrecht, Holland: D. Reidel Publishing Co., p. 203-204, 1987. (GWU 9094) 

DeFrees*, D.J.; Bunker, P.R.; Binkley, J.S.; McLean, A.D. 
A high-precision ab initio determination of the equilibrium geometry and force field 
of HOC+. 
Journal of Molecular Spectroscopy 
121: 44049,1987. (GWU 9095) 

Epstein*, S.; Krishnamurthy, R.V.; Cronin*, J.R.; Pizzarello, S.; Yuen*, G.U. 
Unusual stable isotope ratios in amino acid and carboxylic acid extracts from the 
Murchison meteorite. 
Nature 
326(6112): 477-479, 1987. (GWU 8944) 
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Freund, F. (Bunch, T.E. = P.I.) 
Hydrogen and carbon in solid solution in oxides and silicates. 
Physical and Chemical Minerals 
15: 1-8, 1987. 

Gibson*, E.K., Jr. 
Carbon and sulfur abundances in Antarctic meteorites. 
Meteoritics 
22: 384-385,1987. 

Gibson*, E.K., Jr.; Carr,R.H. 
Characterization of carbonaceous materials in interplanetary dust particles utilizing 
laser microprobe mass spectrometry (Abstract). 
In: Space Life Sciences Symposium: Three Decades of Life Science Research in Space, 
Washington, DC, June 21-26,1987, p. 349-350. (GWU 9090) 

Green, S.; DeFrees*, D. J.; McLean, A.D. 
Collisional excitation of interstellar cyclopropenylidene. 
Astrophysical Journal Supplement 
65: 175-191,1987. 

Hanner*, M.S.; Newbum, R.L.; Spinrad, H.; Veeder, G.J. 
Comet Sugano-Saigusa-Fujikawa (1983V): A small, puzzling comet. 
Astronomical Journal 
94(4): 1081-1087, 1987. (GWU 9624) 

Hanner*, M.S.; Tokunaga, A.T.; Golisch, W.F.; Griep, D.M.; Kaminski, C.D. 
Infrared emission from PLHalley's dust coma during March 1986. 
Astronomy and Astrophysics 
187(1-2): 653-660, 1987. 

Herbst, E.; Adams, N.G.; Smith, D.; DeFrees*, D.J. 
Ion-molecule calculations of the abundance ratio of CCD to CCH in dense interstellar 
clouds. 
As:rophysical Journal 
312: 351-357,1987. (GWU 9781) 

Herbst, E.; DeFrees*, D.J.; McLean, A.D. 
A detailed investigation of proposed gas phase syntheses of ammonia in dense 
interstellar clouds. 
Astrophysical Journal 
321: 898-906,1987. (GWU 9780) 

Imine*, W.M. 
Chemistry between the stars. 
Planetary Report 
7(6): 6-9, 1987. (GWU 9628) 

Imine*, W.M.; Goldsmith, P.F.; Hjalmarson, A. 
Chemical abundances in molecular clouds. 
In: Interstellar Processes (Hollenbach, D., Thronson, H., Eds.). 
Dordrecht, Holland: D. Reidel Publishing Co., p. 561-610, 1987. (GWU 9783) 
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Irvine*, W.M.; Hjalmarson, A. 
Observational astrochemistry . 
Advances in Space Research 
6(12): 227-236,1987. (GWU 9769) 

Irvine*, W.M.; Madden, S .C.; Ziurys, L.M. 
Chemistry of the biogenic elements in dense interstellar clouds: Recent results 
(Abstract). 
In: Space Life Sciences Symposium: Three Decades of Life Science Research in Space, 
Washington, DC, June 21-26,1987, p. 350-352. (GWU 9256) 

Laufer, D.; Kochavi, E.; Bar-Nun, A. (Owen, T. = P.I.) 
Structure and dynamics of amorphous water ice. 
Physical Reviews B 
36: 9219-9227,1987. 

Matthews, H.E.; Macleod, J.M.; Broten, N.W.; Friberg, P.; Madden, S.C. 
(Irvine, W.M. = P.I.) 
Observations of OCS and a search for OC,S in the interstellar medium. 
Astrophysical Journal 
315: 646-653,1987. (GWU 9788) 

McDonnell, J.A.M.; Evans, G.C.; Evans, S.T.; Alexander, W.M.; Burton, W.M.; Firth, J.G.; 
Bussoletti, E.; Grard, R.J.L.; Hanner*, M.S.; Sekanina, Z., et al. 
The dust distribution within the inner coma of Comet P/Halley 1982i: Encounter by 
Giotto's impact detectors. 
Astronomy and Astrophysics 
187(1-2): 719-741, 1987. 

Moriarty-Schieven, G.; Snell, R.L.; Strom, S.E.; Schloerb, F.P.; Strom, K.M.; 
Grasdalen, G.L. (Irvine, W.M. = P.I.) 
High resolution images of the L1551 bipolar outflow: Evidence for an expanding 
accelerated shell. 
Astrophysical Journal 
319: 742-753,1987. (GWU 9786) 

Prialnik, D.; Bar-Nun, A. (Owen, T. = P.I.) 
On the evolution and activity of cometary nuclei. 
Astrophysical Journal 
313: 893-905,1987. (GWU 9773) 

Prialnik, D.; Bar-Nun, A. (Owen, T. = P.I.) 
The formation of a permanent dust mantle and its effect on cometary activity. 
Icarus 
74: 272-283,1987. 

Prialnik, D.; Bar-Nun, A.; Podolak, M. (Owen, T. = P.I.) 
Radiogenic heating of comets by 26A1 and implications for their time of formation. 
Astrophysical Journal 
319: 993-1002,1987. (GWU 9785) 

Reilly, T.W.; Blake, D.F.; Bunch*,T.E. 
Low voltage scanning electron microscopy of carbonaceous chondrite meteorites 
and interplanetary dust particles (Abstract). 
Journal of Electron Microscopy Technique 
7: 142,1987. (GWU 9072) 
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Schloerb,F.P.; Kinzel, W.M.; Swade, D.A.; Imine*, W.M. 
Observations of HCN in Comet Pmalley. 
Astronomy and Astrophysics 
187(1-2): 475-480, 1987. 

Schloerb, F.P.; Snell, R.L.; Schwartz, P.R. (Irvine, W.M. = P.I.) 
1300 um continuum and C1*0 line mapping of the giant molecular clouds. 
Astrophysical Journal 
319: 426-435,1987. (GWU 9787) 

Tarter*, J.C. (Ed.). 
Carbon in the Galaxy: Studies from Earth and Space. 
Proceedings of a meeting held at NASA Ames Research Center, November 1987. 

Tarter*, J.C. 
Survey of Earth orbital telescopes and their potential for Exobiology. 
Advances in Space Research 
6(12): 219-226, 1987. (GWU 9768) 

Tielens, A.G.G.M. (Allamandola, L.J. = P.I.) 
Carbon stardust: From soot to diamonds. 
In: Carbon in the Galaxy: Studies from Earth and Space (Tarter, J., Ed.). 
Proceedings of a meeting held at NASA Ames Research Center, November 1987,56 p. 
(GWU 8845) 

Tielens, A.G.G.M.; Allamandola*, L.J. 
Composition, structure, and chemistry of interstellar dust. 
In: Interstellar Processes (Hollenbach, D.J., Thronson, H.A., Jr., Eds.). 
Dordrecht, Holland: D. Reidel Publishing Co., p. 397-469, 1987. (GWU 9626) 

Tielens, A.G.G.M.; Allamandola*, L. J. 
Evolution of interstellar dust. 
In: Physical Processes in Interstellar Clouuk (Morfill, G.E., Scholer, M., Eds.). 
Dordrecht, Holland: D. Reidel Publishing Co., p. 333-376, 1987. (GWU 9627) 

Ziurys, L.M. (Irvine, W.M. = P.I.) 
Detection of interstellar PN: The first phosphorus-bearing species observed in 
molecular clouds. 
Astrophysical Letters 
321: L81-L85,1987. 

Ziurys, L.M.; Fnberg, P. (Irvine. W.M. = P.I.) 
Observations of S i0  toward OMC- 1 : A new outflow source 1.5' south of Orion-KL? 
Astrophysical Letters 
314: L49-L53, 1987. 
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Acevedo, O.L.; Orgel*, L.E. 
Non-enzymatic transcription of an oligodeoxynucleotide 14 residues long. 
Journal of Molecular Biology 
197(2): 187-193, 1987. (GWU 8107) 

Arrhenius*, G. 
Interaction of hydrous minerals with bioorganic precursor molecules (Abstract). 
In: Space Life Sciences Symposium: Three Decades of Life Science Research in Space, 
Washington, DC, June 21-26,1987, p. 260-261. (GWU 9045) 

Arrhenius*, G. 
The first 800 million years: Environmental models for early Earth. 
Earth, Moon, and Planets 
37: 187-199,1987. (GWU 9046) 

Bada, J.L.; Miller*, S.L. 
Racemization and the origin of optically active organic compounds in living 
organisms. 
RioSystems 
20: 21-26, 1987. (GWU 8847) 

Baeza, I.; Ibanez, M.; Lazcano, A,; Santiago, C.; Arguello, C.; Wong, C.; Oro*, J. 
Liposomes with polyribonucleotides as model of precellular systems. 
Origins of Life 
17: 321-331,1987. (GWU 8786) 

Baeza, I.; Ibanez, M.; Santiago, J.C.; Wong, C.; Lazcano, A.; Oro*, J. 
Studies on precellular evolution: The encapsulation of polyribonucleotides by 
liposomes. 
Advances in Space Research 
6(11): 39-43,1987. (GWU 8929) 

Burley, S.K.; Wang, A.H.-J.; Votano, J.R.; Rich*, A. 
Antigelling and antisickling bisphenyl oligopeptides and peptide analogues have 
similar structural features. 
Biochemistry 
26: 5091-5099,1987. (GWU 8960) 

Chow, J.; Orenberg*, J.B.; Nugent, K.D. 
Comparison of automated pre-column and post-column analysis of amino acid 
oligomers. 
Journal of Chromatography 
386: 243-249,1987. (GWU 9067) 

Coll, M.; Frederick, C. A.; Wang, A.H.-J.; Rich*, A. 
A bifurcated hydrogen-bonded conformation in the d(A-T) base pairs of the DNA 
dodecamer d(CGCAAA7"ITGCG) and its complex with distamycin. 
Proceedings of the National Academy of Sciences, USA 
84: 8385-8389,1987. (GWU 9820) 

Coyne*, L.; Shipp, R.; Rice, A. 
Effects of iron and stored energy on the kinetics of kaolinite surface-catalyzed 
oxidation of hydrazine (Abstract). 
In: Space Life Sciences Symposium: Three Decades of Life Science Research in Space, 
Washington, DC, June 21-26,1987, p. 261-263. (GWU 9271) 
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Deamer*, D.W. 
Origins of membrane structure: Prebiotic amphiphiles derived from carbonaceous 
chondrites (Abstract). 
In: Space Life Sciences Symposium: Three Decades of Life Science Research in Space, 
Washington, DC, June 21-26, 1987, p. 263-264. (GWU 9272) 

Eirich*, F.R. 
Introduction: "Let there be (some) life." 
Advances in Space Research 
6(11): 3-5, 1987. (GWU 9829) 

Ellison, M.J.; Fenton, M.J.; Ho, P.S.; Rich*, A. 
Long-range interactions of multiple DNA structural transitions within a common 
topological domain. 
EMBO Journal 
6: 1513-1522,1987. (GWU 9791) 

Fenton, M.J.; Clark, B.D.; Collins, K.L.; Webb, A.C.; Rich*, A.; Auron,P.E. 
Transcriptional regulation of the human prointerleukin lbeta gene. 
Journal of Immunology 
138: 3972-3979,1987. (GWU 9779) 

Ferris*, J.P. 
The origin of life. 
Planetary Report 
7: 10-11,28,1987. (GWU 8887) 

Fenis*, J.P.; Huang, C.H.; Hagan, W.J., Jr. 
Montmorillonite: A multifunctional mineral catalyst for the prebiological formation 
of phosphate esters (Abstract). 
In: Space Life Sciences Symposium: Three Decades of Life Science Research in Space, 
Washington, DC, June 21-26, 1987, p. 264-265. (GWU 9273) 

Fenis*, J.P.; Ishikawa, Y. 
HCN and chromophore formation on Jupiter. 
Nature 
326(6115): 777-778, 1987. (GWU 8139) 

Fox*, S.W.; Hefti, F.; Hartikka, J.; Junard, E.; Przybylski, A.T.; Vaughan, G. 
Pharmacological activities in thermal proteins: Relationships in molecular evolution. 
International Journal of Quantum Chemistry: Quantum Biology Symposium 
14: 347-349,1987. (GWU 9056) 

Fox*, S.W.; Nakashima, T. 
Self-ordering of amino acids as the source of biomacromolecular information: 
The primary Darwinian process (Abstract). 
In: Space Life Sciences Symposium: Three Decades of Life Science Research in Space, 
Washington, DC, June 21-26, 1987, p. 273-274. (GWU 9277) 

Frederick, C.A.; Saal, D.; van der Marel, G.A.; van Boom, J.H.; Wang, A.H.-J.; Rich*, A. 
The crystal structure of d(GGm5CCGGCC): The effect of methylation on A-DNA 
structure and stability. 
Biopolymers 
26: S145-Sl60, 1987. 
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Garduno-Juarez, R.; Shibata, M.; Zielinski, T.J.; Rein*, R. 
Computer modeling of the neurotoxin binding site of acetylcholine receptor 
spanning residues 185 through 196. 
Acta Biochimica et Biophysica Hungarica 
22(4): 39142,1987. (GWU 8889) 

Goldblum, A.; Rein*, R. 
Geometrical analysis of Cys-Cys bridges in proteins and their predictions from 
incomplete structural information. 
International Journal of Peptide and Protein Research 
30: 784-793,1987. (GWU 8948) 

Ho, P.S.; Frederick, C.A.; Saal, D.; Wang, A.H.-J.; Rich*, A. 
The interactions of ruthenium hexaammine with Z-DNA: Crystal structure of a 
Ru(NH& +3 salt of d(CGCGCG) at 1.28, resolution. 
Journal of Biomolecular Structure and Dynamics 
4: 521-534, 1987. (GWU 9775) 

Holland*, H.D.; Zbinden, E.A. 
Atmospheric oxygen in the Precambrian (Abstract). 
In: Space Life Sciences Symposium: Three Decades of Life Science Research in Space, 
Washington, DC, June 21-26, 1987, p. 274-275. (GWU 9278) 

Joyce, G.F.; Schwartz, A.W.; Miller*, S.L.; Orgel*,L.E. 
The case for an ancestral genetic system involving simple analogues of the 
nucleotides. 
Proceedings of the National Academy of Sciences, USA 
84(13): 4398-4402,1987. (GWU 8064) 

Kanavarioti*, A.; Doodokyan, D.L. 
High-performance liquid chromatographic method using a C,, column for the 
simultaneous separation of the products of decomposition and oligomerization of 
guanosine 5'-phospho-2-methylimidazolide. 
Journal of Chromatography 
389: 334-338,1987. (GWU 8945) 

Kanavarioti*, A.; Doodokyan, D.L. 
HPLC method using a CI8 column for the simultaneous separation of the products of 
decomposition and oligomerization of guanosine 5'-phospho-2-methylimidazolide. 
In: Abstracts, Proceedings of the Eleventh International Symposium on Column 
Liquid Chromatography, p. 88,1987. 

Kanavarioti*, A.; -White*, D.H. 
Kinetic analysis of the template effect in ribooligoguanylate elongation. 
Origins of Life 
17: 333-349,1987. (GWU 881 1) 

Kanavarioti*, A.; White*, D.H. 
Analysis of the template effect in ribooligoguanylate elongation. 
In: Space Life Sciences Symposium: Three Decades of Life Science Research in Space, 
Washington, DC, June 21-26,1987, p. 31-32. (GWU 9730) 
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Kenidge", J.F. 
Isotopic perspectives on the prebiotic synthesis of organic matter in the early solar 
system (Abstract). 
In: Space Life Sciences Symposium: Three Decades of Life Science Research in Space, 
Washington, DC, June 21-26,1987, p. 276-277. (GWU 9048) 

Kerridge*, J.F.; Chang*, S.;  Shipp, R. 
Isotopic characterisation of kerogen-like material in the Murchison carbonaceous 
chondrite. 
Geochimica et Cosmochimica Acta 
51: 2527-2540,1987. (GWU 9047) 

Kerridge*, J.F.; Shipp, R.; Chang*, S .  
Isotopic characterisation of kerogen-like material from the Murchison carbonaceous 
chondrite. 
Lunar and Planetary Science 
XVIII: 485-486, 1987. 

Lacey *, J.C., Jr. 
The chemical basis for the origin of the genetic code and the process of protein 
synthesis (Abstract). 
In: Space Life Sciences Symposium: Three Decades of Life Science Research in Spacc 
Washington, DC, June 21-26, 1987, p. 278-280. (GWU 9270) 

Lazard, D.; Lahav, N.; Orenberg*, J.B. 
The biogeochemical cycle of the adsorbed template. I. Formation of the Template. 
Origins of Life 
17: 135-148,1987. (GWU 8074) 

Levine*, J.S. 
Planetary atmospheres. 
Encyclopedia of Physical Science and Technology 
10: 582-610,1987. (GWU 8790) 

Levine*, J. S .  
The origin and evolution of atmospheric oxygen. 
In: The Origin and Evolution of Atmospheric Oxygen, Fourth International 
Symposium on Oxidases and Related Redox Systems, Portland, OR, October 4-8, 1987, 
p. 166-176. (GWU 9060) 

Levine*, J. S .  
Oxygen in the early atmosphere (Abstract). 
In: Space Life Sciences Symposium: Three Decades of Life Science Research in Space, 
Washington, DC, June 21-26, 1987, p. 280-281. (GWU 9269) 

Levine*, J. S.  
Space Opportunities for Tropospheric Chemistry Research. 
Hampton, VA: NASA, Langley Research Center, 86 p., 1987. (GWU 7065) 

Mar, A.; Dworkin, J.; Oro*, J. 
Non-enzymatic synthesis of the coenzymes, uridine diphosphate glucose and cytidine 
diphosphate choline, and other phosphorylated metabolic intermediates. 
Origins of Life 
17: 307-319,1987. (GWU 8151) 
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McCaffrey, M.A.; Lazar, B.; Holland*, H.D. 
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